This case report presents a male patient with epithelioid mesothelioma that was initially misdiagnosed as cancer of unknown primary (CUP) and correctly identified using molecular panel sequencing. The patient had a prior history of colon and breast cancer. To assess the enlarged mediastinal lymph nodes, retrosternal lymphadenectomy was performed in 2016. The lymph nodes were histologically deemed unrelated to the known breast cancer by the reference pathologist, thus leading to the diagnosis of a CUP syndrome. When the patient presented to our center, targeted deep sequencing of both breast cancer and presumed CUP was performed to address the clonal relationship between both malignancies. A missense mutation in BAP1 was revealed in both samples, with coverage data indicating a germline event. The patient was subsequently counseled by a human geneticist and underwent genetic testing, which confirmed the germline nature of this mutation. Collectively, these data led to the diagnosis of BAP1 (BRCA1-associated protein-1) tumor predisposition syndrome (TPDS). With the knowledge of an underlying BAP1 mutation and its known frequent association with epithelioid mesothelioma, the histology was reassessed and the diagnosis was revised to epithelioid mesothelioma. At this point, peritoneal involvement of mesothelioma could be diagnosed and histologically confirmed. This case illustrates the potential of integrated histopathologic and molecular diagnostics in helping to decipher CUP syndromes and establish the correct diagnosis. Additionally, this case highlights typical features of BAP1 TPDS with its general susceptibility to cancers, with pleural and peritoneal mesotheliomas as most prevalent clinical entities and the typically more benign course of these epithelioid mesotheliomas compared with BAP1-unrelated cases of mesotheliomas. J Natl Compr Canc Netw 2018;16(6):677-682 doi: 10.6004/jnccn.2018.7012 Cancer of unknown primary (CUP) is an enigmatic entity in which malignancy is histologically proven by a metastasis specimen, but the primary tumor remains elusive despite extensive clinical workup, including clinical examination; CT of the neck, chest, and abdomen; gastroscopy and colonoscopy; comprehensive laboratory
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analyses; and further tests dictated by the clinical picture of metastasis. 1 Recently, clinical studies have used molecular panel sequencing with the hope that a better understanding of the molecular signatures might facilitate the allocation of the respective tumors to the most likely primary. [2] [3] [4] [5] Molecular profiling also offers the pros-pect and holds the promise of identifying mutations targetable by molecular therapies critically needed in this entity, due to its generally disappointing response to standard chemotherapy and overall dismal prognosis. Our center has implemented a strategy of performing routine molecular panel sequencing for patients with CUP. In patients with an antecedent or concurrent malignancy in which clonal relation to the CUP tumor is questionable, we have adopted a strategy for panel sequencing of both tumor specimens for comparison to address their clonal relationship.
Case Report Clinical Case Description
This case report presents a male patient with BAP1 (BRCA1-associated protein-1) tumor predisposition syndrome (TPDS) who developed 3 different malignancies.
The first malignancy was a colon cancer in 1984 at 36 years of age, which was treated with right-sided hemicolectomy alone. Twenty-eight years later, the patient was diagnosed with left-sided breast cancer, stage pT1c,pN0 (0/5 sn),cM0. Histologic workup revealed a poorly differentiated (G3; ki-67 index, 20%) invasive hormone receptor-positive (estrogen receptor [ER], 12/12; progesterone receptor [PR], 8/12; HER2/neu, 1+) ductal adenocarcinoma of luminal type B, which was treated with surgical resection and subsequent adjuvant tamoxifen, which is still ongoing at time of writing.
In July 2016, a suspicious mass in the lower right lung together with enlarged mediastinal lymph nodes prompted video-assisted thoracoscopic surgery (VATS). During this procedure, retrosternal lymphadenectomy, thymectomy, and partial resection of the right lower lung were performed. External histologic workup identified the lung lesion as chondroid hamartoma, whereas the lymph nodes were diagnosed with infiltrates of a poorly differentiated adenocarcinoma without traces of the tissue of origin. Given that the immunohistologic profile was clearly divergent from that of the breast cancer, the tumor infiltrates in the lymph node were regarded as yet another distinct tumor type. Accordingly, the clinical diagnosis of CUP was made.
Subsequently, the patient presented to our center, and we performed targeted deep next-generation sequencing (NGS) using formalin-fixed, paraffinembedded tumor tissue of the breast cancer and the CUP to clarify the clonal origin of both tumors. Both malignancies harbored a BAP1 mutation, which we interpreted either as proof of common clonal origin or as an indication of an underlying predisposing germline mutation. The latter hypothesis was also supported by the allelic frequency of the mutation. In retrospect, the enlarged mediastinal lymph nodes could be traced back to CT scans from 2012, suggesting slow clinical progression.
A postoperative PET/CT scan in August 2016 showed persisting suspicious right-sided prepericardial and left-sided paracardial lymph nodes, and therefore VATS was again performed in January 2017 along with decortication, mediastinal lymph node resection, and partial pericardial resection. This time, meticulous histologic and immunohistochemical workup led to the diagnosis of epithelioid pleural mesothelioma, although there was no history of asbestos exposure. Because genetic testing of peripheral blood DNA confirmed the germline nature of the BAP1 mutation, the diagnosis of epithelioid mesothelioma caused by the BAP1-TPDS was established.
With the knowledge of the histologic findings and the BAP1 mutation now at hand, a retroumbilical mass already deemed suspicious on the PET/CT in August 2016 was biopsied during diagnostic laparoscopy in March 2017, and confirmed to be a peritoneal manifestation of epithelioid mesothelioma. Given the typically more benign course of BAP1-associated mesotheliomas, we and the patient have been hesitant to start further treatment and have followed a watch-and-wait strategy instead. As of December 2017, the patient had not required therapy.
Histologic and Immunohistologic Findings
Histologic workup from surgery specimens in January 2017 at our center showed epithelioid neoplasia in tune with epithelioid mesothelioma. Immunohistochemistry (all stains were performed with a BenchMark ULTRA automated slide stainer [Ventana Medical Systems, Inc.]) was positive for the pan-cytokeratin markers AE1/3, CK 5/6, CK7, D2-40, calretinin, WT1, and thrombomodulin, and negative for BerEp4, chromogranin A, TTF1, napsin, CDX2, CK20, HMB45, melan A, CD34, CD45R (LCA), prostate-specific antigen, and androgen receptor ( Figure 1A-H) . For BAP1 immunohistochemistry, a mouse monoclonal antibody (clone C-4) against amino acids 430 to 729 (Santa Cruz Biotechnology Inc.) showed loss of expression in all tumor cells, whereas intermingled lymphocytes displayed retained expression ( Figure 1J, H) .
Targeted Sequencing
Molecular panel sequencing was performed using the Oncomine Comprehensive Assay (Thermo Fisher Scientific), which covers 143 malignancy-related genes, and subsequent NGS with an Ion GeneStudio S5 system (Thermo Fisher Scientific). All 3 specimens (breast cancer, 2012; CUP lymph node, July 2016; epithelioid mesothelioma, January 2017) harbored a c.371C>T mutation in exon 5 of BAP1 (NM_004656), leading to a p.Pro124Leu amino acid replacement. Allele frequencies ranged from 51.9% to 73.6% (Table 1 ). This type of mutation has not yet been deposited in the respective databanks as pathogenic or a mere polymorphism; however, the affected amino acid is highly conserved and all major in silico analyses predict the BAP1 mutation to be damaging/ deleterious (for a detailed account see Table 2 ).
The breast tumor specimen harbored an additional private WT1 mutation (p.Asp410Glu) at an allele frequency of 18.2%. This mutation is a presumably deleterious mutation, which was undetectable in the lymph node and mesothelioma specimens.
The patient subsequently received genetic counseling by a human geneticist and underwent germline genetic testing, which confirmed the germline nature of the BAP1 mutation. Markedly, other mutations implicated as major drivers in malignant mesotheliomas such as TP53, NF2, and CDKN2A 6 were included within our molecular panel but could not be detected in any of the 3 samples from our patient.
Using an in-house-developed homologous repair deficiency panel that covers 35 core genes (among them ATM, ATR, CHEK1/2, MSH2/6, RAD50, RAD51C/D), further genetic analysis revealed missense mutations of ERCC5 (p.Arg263Gln; 47.7% -COSM4665779) and RECQL4 (p.Ser445Thr; 49%) ( Table 2 ).
Family History
The patient's family history revealed a cancer predisposition on the father's side in the ancestral tree, with the father himself, 1 aunt, 1 brother, 3 first cousins, and 1 niece having malignancies, including 
Discussion
This case highlights the value of integrated histologic and molecular analysis in deciphering some cases of CUP. In this particular case, the correct diagnosis of epithelioid mesothelioma had been missed by a primary and a reference pathologist after initial thoracoscopy, and was only tentatively made after a second thoracoscopy. Knowledge of the BAP1 mutation was crucial to establish and confirm the diagnosis of epithelioid mesothelioma. At our center, we have established a targeted deep NGS program for all patients with CUP. To this end, we are using the Oncomine Comprehensive Assay that is also used in the NCI-MATCH trial, 7 as well as a validated laboratorydeveloped test covering 35 genes involved in DNA repair. When metastases in different organs are only ambiguously related, or when patients have previously had a primary malignancy that cannot be safely ruled out as the origin of the CUP, sequencing of all respective samples is performed. In this case, this approach aimed to establish clonal relationships and to gain clues regarding the elusive primary, warranted by the suspicion of an underlying germline mutation. BAP1 is a deubiquitylase that impacts cell cycle progression, differentiation, and cell death. 8 Germline mutations of BAP1 have been shown to confer a hereditary familial cancer syndrome called BAP1-TPDS (Mendelian Inheritance in Man Tumor Predisposition Syndrome #614327). 9, 10 This syndrome is inherited in an autosomal-dominant manner wherein one allele of the tumor suppressor BAP1 is abrogated through a germline mutation, eventually followed by a secondary somatic hit that targets the second allele. 11, 12 The BAP1 mutation in our case was not a truncating but a missense mutation, which is in line with previous reports. 12, 13 In keeping with these data, we observed a selective loss of BAP1 expression in the tumor cells that may be explained by somatic ploidy including loss of the wild-type allele. Coverage data support this hypothesis. Other causes could be methylation of the wild-type allele or abrogative mutations in the promoter-or UTR region of BAP1, which are not covered by the gene panel used here. In any case, together with previous reports, 14 our results suggest that BAP1 immunohistochemistry can serve as a screening tool for the identification of BAP1-mutated cancers in routine histology diagnostics. Further mutations could be detected in ERCC5 and RECQL4, which are involved in DNA excision and double-strand break repair. However, the functional role of these mutations remains elusive. The clinical picture in our case is consistent with previous reports on BAP1-associated tumors with epithelioid mesotheliomas as the characteristically prevailing tumor entity. 8, 10, 15 The concurrent manifestation of pleural and peritoneal mesothelioma in our patient has also been reported previously, although most patients display mesothelioma only of either pleura or peritoneum. 10 Overall, the frequency of BAP1 mutations in mesotheliomas appears to be in the >20% range. 9, [16] [17] [18] When copy number losses are also considered, the frequency adds up to >40%. 17, 18 Cases with epithelioid subtype, familial clustering, or peritoneal involvement appear to display even higher frequencies. 19 In keeping with the known high frequency of additional malignancies in patients with BAP1-TPDS, our patient had colon and breast cancer, a constellation unusual enough in a male patient to raise the suspicion of a predisposing BAP1 germline mutation. 10, 20, 21 Our case also recapitulates the known, less aggressive course of BAP1-associated epithelioid mesotheliomas compared with other mesotheliomas. 10 In our case, the enlarged lymph nodes resected in 2016 were already detectable in 2012, and had only shown slow progression henceforth. Likewise, the peritoneal mesothelioma was visible on a PET/CT performed in 2016, but has not required therapy yet.
Interestingly, one of the patient's first cousins who had colorectal cancer also had uveal melanoma. Given that the latter malignancy is a hallmark of BAP1-TPDS, it strongly implies inheritance, and not de novo mutation in our patient. A possible hereditary predisposition regarding the other malignancies within the family is uncertain given the type of cancers and ages of onset.
The diagnosis of BAP1 TPDS brings the advantage of offering affected individuals timely screening for cancers frequently associated with this entity, such as uveal and cutaneous melanomas. 21 Promising targeted therapies for BAP1-mutated tumors are being developed, potentially broadening the therapeutic spectrum in the near future. 
